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Background and SettingBackground and Setting

Purpose: Develop a waterPurpose: Develop a water--quality quality 
surveillancesurveillance--system design for use in system design for use in 
protecting municipal water supplies in protecting municipal water supplies in 
Panama Panama (SVCAPU)(SVCAPU)
Background: Modify certain concepts and Background: Modify certain concepts and 
approaches developed for a similar project approaches developed for a similar project 
for ruralfor rural--community potablecommunity potable--water water 
supplies supplies (SVCAPZR)(SVCAPZR)
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ObjectivesObjectives
EstablishEstablish a a procedureprocedure forfor anan integratedintegrated
assessmentassessment ofof waterwater qualityquality in in urbanurban
areasareas, , basedbased onon waterwater--supplysupply systemsystem
assessmentassessment andand itsits subsystemssubsystems. . 

Define Define supportsupport strategiesstrategies forfor developingdeveloping
andand consolidateconsolidate waterwater--supplysupply activitiesactivities toto
provideprovide a a levellevel ofof waterwater qualityquality toto protectprotect
publicpublic healthhealth..
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Basic Basic PrinciplesPrinciples

CycleCycle ((FlowFlow) ) ofof
InformationInformation

WQ Surveillance in 
urban areas

Diagnostic

Strategy
Development

Data Generation

Data Analysis
(Information
Products)

Information
Usage
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SeasonalSeasonal VariabilityVariability ofof DiarrheaDiarrhea
DiseasesDiseases in in PanamaPanama (2001)(2001)
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BackgroundBackground
VariousVarious waterwater--qualityquality considerationsconsiderations::

Tratamiento

Fuente de abastecimiento

Corrosión Incrustaciones CorrosiónBiopelícula

Compuestos
Inorgánicos

Productos 
inorgánicos Arrastres

Compuestos
Inorgánicos

Microorganismos

Compuestos
Orgánicos

Productos 
microbianos

Arrastres
Arrastres

Sedimentación
Arrastres de 
recubrimientos

Descargas 
puntuales

Descargas no puntuales
o  Difusas

Compuestos
solubles SALIDAS

Tanques de 
almacenamiento

ENTRADAS

Infiltraciones

Transformaciones 

en la pared

Cloro
Microorganismos viables/no viables
Compuestos orgánicos

Agua
tratada

Consumo
Partículas

Distribución

Fuente: adaptado de Grayman et al., 2000 Interconexiones
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Medical Medical CostsCosts AssociatedAssociated withwith
Intestinal Intestinal DiseasesDiseases in 2001in 2001

(in (in ThousandsThousands ofof DollarsDollars))

Population Group
0-14 yr and

>65 yr
Rest of the
population

Total

Cases in 2001 112,829 61,615 174,444
Oral De-Hydration Therapy $903 $197 $1,100

Medicines $338 $185 $523

Clinical Analysis $23 $12 $35
Total $1,377 $456 $1,832
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AcuteAcute ToxicationsToxications ((DeathsDeaths) ) 
AssociatedAssociated withwith PesticidesPesticides (2001)(2001)

WorkingWorking
causescauses

NonNon--
WorkingWorking
CausesCauses

IntentionalIntentional
SuicideSuicide

TotalTotal

154154 123123 5454 331331
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WaterWater--SupplySupply SourceSource ProtectionProtection

ProtectionProtection andand
PollutionPollution
Control Control ofof
WaterWater SourcesSources
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SWAP SWAP –– Process PhasesProcess Phases

DelineationDelineation ofof zonezone ofof influenceinfluence (ZI)(ZI)
InventoryInventory ofof potentialpotential sourcessources ofof
contaminationcontamination (FPC)(FPC)
EvaluationEvaluation ofof susceptibilitysusceptibility
CompilationCompilation andand analysisanalysis ofof datadata
EvaluationEvaluation andand reportingreporting ofof resultsresults
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ConceptsConcepts –– Groundwater SuppliesGroundwater Supplies

IdentificationIdentification ofof thethe zonezone ofof wellwell protectionprotection
ZoneZone ofof influenceinfluence (ZI); (ZI); radiusradius ofof influenceinfluence
TypesTypes andand sourcessources ofof contaminantscontaminants
Time Time ofof traveltravel andand contaminantcontaminant--relatedrelated
processesprocesses ofof aquifersaquifers
AquiferAquifer characteristicscharacteristics
AssimilativeAssimilative capacitycapacity
InstitutionalInstitutional andand socioeconomicsocioeconomic aspectsaspects
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WaterWater--QualityQuality MonitoringMonitoring AspectsAspects

PUPT

FA

Criteria and system
operational standards

Regulations
(Existing and Proposed)

Enforcement, 
Responsible Agencies 

Criteria for water-
user protection

Sistema de 
abastecimiento

ConsumoFuentes de agua

CA

SAl

SD
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Water Water QualityQuality MonitoringMonitoring

WaterWater--QualityQuality Variable Variable SelectionSelection

OperationalOperational:: ClCl22, , pHpH, , TurbidityTurbidity, Fecal , Fecal ColiformColiform, , 
AlkalinityAlkalinity, Total Suspended , Total Suspended SolidsSolids (TSS)(TSS)

SecondarySecondary:: FluorideFluoride, , NitrateNitrate, , SpecSpec. Cond.. Cond.

SpecialSpecial StudiesStudies:: MetalsMetals, , OrganicsOrganics, , PathogensPathogens



TDS Consulting Inc./Ing.J. Eugenio Barrios O. TDS Consulting Inc./Ing.J. Eugenio Barrios O. 

MonitoringMonitoring WaterWater QualityQuality

SiteSite selectionselection (by (by systemsystem componentcomponent):):
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MonitoringMonitoring ofof WaterWater QualityQuality

Principal Principal factorsfactors thatthat affectaffect waterwater qualityquality
in in waterwater--distributiondistribution systemssystems

QualityQuality ofof thethe waterwater enteringentering thethe systemsystem

MaterialsMaterials andand conditionsconditions ((infrastructureinfrastructure))

ResidenceResidence times in times in variousvarious locationslocations
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ModelsModels ofof WaterWater QualityQuality (EPANET)(EPANET)
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Software Software WaterCADWaterCAD
• Data capture and analysis software

• Compatible aspects with EPANET

• Good client service throughout Latino 
America (software available in Spanish)

• A training course is scheduled to be held in 
Panamá in 2004

• Comparable model-operational costs
(although proprietary model costs
according to size (number of pipes)
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““El FortínEl Fortín” Hydraulic Model ” Hydraulic Model 
DevelopmentDevelopment

V. REDUCTORA ø 2"

MEDIDOR ø= 3"
V/REDUCTORA ø= 6"
90 Vs20 PSI   

VALVULA DE  ø=
ALIVIO

•• Water Water providerprovider: Altos de : Altos de 
VistamaresVistamares

•• HydraulicHydraulic infrastructureinfrastructure
informationinformation

•• AlmostAlmost allall data data neededneeded
for for hydraulichydraulic calibrationcalibration
werewere availableavailable

•• A A hypotheticalhypothetical
calibrationcalibration exampleexample waswas
developeddeveloped
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WaterWater
treatmenttreatment
((equipmentequipment
andand
suppliessupplies))

IncreaseIncrease ofof
chemicalchemical
consumptionconsumption
((chlorinechlorine, , 
coagulantscoagulants, , 
polymerspolymers, , activatedactivated
carboncarbon, etc.), etc.)
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Water Water TreatmentTreatment PlantsPlants
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Water Water QualityQuality VariablesVariables
Group Variables

I Chlorine residual, pH, turbidity, fecal and total coliforms

II Taste and odors

III.1 Alkalinity, chloride, color, hardness, TDS, sulfates

III.2 Fluoride, nitrates, nitrites

IV.1 Aluminum, iron, manganese, silver, sodium, cupper, zinc

IV.2 Antimony, arsenic, barium, cadmium, cyanide, chromium, mercury, 
molybdenum, nickel, lead, selenium

V Oil and grease, phenol compounds, detergents, hydrocarbons, PCB,
pesticides, trihalomethanes

VI Enteric virus, helminths (pathogens), free-living organisms (algae, 
and others), other organisms, protozoa (pathogens), radioactivity 
gross beta, radioactivity gross alpha

Note: Clasification based on Resolutions 248/1996 and 155/1999 modifications
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Variable selection for each Variable selection for each 
subsystemsubsystem

Group Source Water 
Intake Treatment Distribution 

Storage Consumption

I w/o Cl res., 
FC

w/o Cl res., 
FC w/o FC w/o FC

II na na na

III.1 Spec. Cond. Spec. Cond. Alkalinity,
Spec. Cond. Spec. Cond.

III.2 w/o NO2
w/ PT na F **

IV.1 EE na EE na

IV.2 EE na EE na

V EE na EE* EE*

VI EE
Algae 

(reservoirs)
na

EE
w/o 

Radioact.
na
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FrequencyFrequency

Source Water 
Intake Treatment Distribution and 

Storage Consumption

Period

A B A B A B A B A B

I m b m b s m s m s m

II na na na na na na s m s m

III.1 m b m b s m m b m a

III.2 m b na na m b EE na m a

IV.1 a a na na EE na na na a a

IV.2 EE EE na na EE na na na a a

V EE EE na na a na EE EE a a

VI EE na na na EE na na na a a

Group
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VulnerabilityVulnerability

IRT IRDIA IRAIRC

IRSAIA Vulnerability

IA: Environmental indicator

IRC: Intake Risk indicator

IRT: Treatment Risk Indicator

IRA: Storage Risk Indicator

IRD: Distribution System Risk
Indicator

IRSA: Supply System Risk

indicator
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MainMain institutionalinstitutional limitationslimitations

Quite Quite limitedlimited analyticalanalytical capabilitiescapabilities ((labslabs))

StrictStrict andand poorpoor regulationsregulations ---- hardhard toto complycomply andand

toto enforceenforce

General General lacklack ofof informationinformation

SomeSome competitioncompetition oror inconsistencyinconsistency ofof designateddesignated

responsibleresponsible governmentalgovernmental entityentity ((relativelyrelatively minorminor factor)factor)
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MultibarrierMultibarrier approachapproach

INTEGRATED MANAGEMENT OF DRINKING WATER QUALITY 
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DefinitionsDefinitions

SurveillanceSurveillance: : InvestigationInvestigation toto identifyidentify andand
assesasses riskrisk factorsfactors relatedrelated withwith waterwater
supplysupply systemssystems

Control: Control: ActivitiesActivities toto verifyverify thatthat waterwater
qualityquality compliescomplies withwith regulationsregulations
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SurveillanceSurveillance in in UrbanUrban ZonesZones

Water intake

Assessment

2º Level
Diagnostic Survey

Sanitary
Assessment

WT
Assessment

Source Atención de 
quejas

3º Level

Development Improvements
System

Improvement

WT processWatershed
Protection

4º Level

Regulations
Strategic WQ Model

Efficient

Operation

Protected
Source

1º Level
Regulation

WQM WQM

WQM

WQM

WQM

MCA: monitoreo de calidad del agua

Water Supply
System

Water intake ConsumptionDistributionStorageTreatmentSourceSubsystems
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ProceduresProcedures

ControlControl
VerificationVerification
EnforcementEnforcement
SupervisionSupervision andand supportsupport
InformationInformation
CapacityCapacity buildingbuilding
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SurveillanceSurveillance InstrumentsInstruments

WaterWater--supplysupply sourcesource--areaarea environmentalenvironmental
assessmentassessment ((adaptedadapted fromfrom USEPAUSEPA--SWAP)SWAP)
VulnerabilityVulnerability systemsystem estimationestimation
WaterWater--qualityquality monitoringmonitoring
SanitarySanitary inspectionsinspections
Water Water consumersconsumers’ evaluation’ evaluation
DevelopmentDevelopment ofof waterwater--qualityquality modelsmodels
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WaterWater--SourceSource EnvironmentalEnvironmental
AssessmentAssessment

Vulnerability and
Susceptibility

Contaminant Source

Classification
(A, B or C)

Threat
(low, medium, high)

Emision
Possibility

Water-Supply System

Sensitivity
(Zones)

Risk
(low, medium, high)

System Integrity



TDS Consulting Inc./Ing.J. Eugenio Barrios O. TDS Consulting Inc./Ing.J. Eugenio Barrios O. 

WaterWater--SupplySupply SystemSystem VulnerabilityVulnerability
A A proposedproposed healthhealth--riskrisk basedbased indexindex--ranking ranking systemsystem

IRT IRDIA IRAIRC

IRSAIA Vulnerability

IA: Environmental indicator

IRC: Intake Risk indicator

IRT: Treatment Risk Indicator

IRA: Storage Risk Indicator

IRD: Distribution System Risk
Indicator

IRSA: Supply System Risk

indicator
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DefinitionDefinition
SVCAPUSVCAPU

ActivitiesActivities focusedfocused toto developdevelop andand
integratedintegrated assessmentassessment ofof drinkingdrinking
waterwater in in urbanurban areasareas in in thethe countrycountry
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ParticipationParticipation ofof OtherOther EntitiesEntities, in , in 
thethe RepublicRepublic ofof PanamaPanama

MINSA
(Surveillance)

IDAAN
(Control)

ERSP
(Enforcement)

Other Water Providers
(Control)

ANAM
(Regulations)

ACP


